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Abstract--Vermentino is one of the main grape variety
cultivated in the west Mediterranean region, mainly in France
(Provence and Corsica) and in Italy (Sardinia, Tuscany and
Ligury). Due to the high quality of its monovarietal wines,
Vermentino has increased its importance in the last two decades,
while previously has been regarded as a minor variety covering
small surfaces. Through clonal selection Vermentino clones have
been patented and diffused among growers in Corsica and in
Italy. On a collection of 14 Italian and Corsican Vermentino
clones, ex situ preserved in Sardinia, ampelographic data,
phenological stages, and agronomic characteristics, such as yield,
bud fertility, bunch and berry weight, pH, acidity and SST of
must, were recorded from 2004 to 2005. The description of the
Vermentino genotypes evidenced the identities and the distinctive
traits within the clones collection, increasing the information on
their agronomic performance in a common area of cultivation.
Index Terms- Vitis vinifera, descriptors, ampelography, clonal
selection
I. INTRODUCTION
V ermentino is one of the most promising white wine grape[variety, traditionally cultivated in the west Mediterranean
region and recently introduced in the areas of new viticulture
diffusion of countries such as Australia, South Africa and
Argentina. Its origin is still unclear and its traditional
cultivation area is exclusively limited to Corsica, North
Sardinia, small costal areas of Ligury and West Tuscany. The
main regions of diffusion are up to now Sardinia and Corsica,
respectively covering 3000 ha [1] and 1110 ha. The assumed
hypothesis on the origin of the Vermentino in Sardinia
ascribes its introduction from Spain through Corsica during
the XIX century [2]. Only 40 years ago Vermentino has been
considered a minor variety, accounting for only the 1% of the
total grape surface in Sardinia.
The high quality attained by the monovarietal wines, which
has allowed the growers to attain a DOCG district in the North
Sardinia environment, is one of the reasons of the growing
market achievements of this variety.
Clonal selection on Vernentino has been first initiated in
Corsica since 1978 and twelve clones have been patented [3].
In Italy the Vermentino selection has been later planned and
three clones have been obtained in Sardinia [4]. The
assessment of the genetic identity between Vernentino and
the cvs Pigato and Favorita [5] has promoted the selection of
seven clones in Ligury and Piedmont. At present, in each
region the patented clones are locally diffused and no
information are available on their performance in environment
apart from the selection areas.
Considering the probable common origin of the
Vermentino genetic material spread in the Sardinian and
Corsican vineyards, as well as the environmental similarities
between the two contiguous regions, an investigation was
carried out to establish a collection of representative clones
from the two Mediterranean islands. The main objectives were
to describe each selected genotype and give evidence of the
common or different traits within the clones collection.
II. MATERIALS AND METHODS
A. The ex situ collection
The analyzed collection included twelve Vermentino clones
selected from 1978 to 1990 by ENTAV and CIVAM (639,
640, 766, 795, 856, 876, 912, 913, 914, 915, 963 and 964), in
addition to two Sardinian clones selected by the University of
Sassari (CAPVS 3 and CAPVS 12) in 1991 and 1994. The
origin of eleven of the twelve clones was South Corsica,
namely Sartene and Cuttoli-Corticchiato, while the 640 clone
was collected in Vaucluse (Provence).
Concerning the clones from Sardinia, the CAPVS 12 was
selected in the North East Sardinia (Monti) DOCG area, and
CAPVS 3 was identified in Alghero. Both South Corsica and
North East Sardinia are characterized by soils derived from
granitic rocks, while in the Vaucluse and Alghero sites
calcareous matrix soils prevails.
The twelve Corsican clones were kindly provide by
CIVAM in 1996. At the same time a collection field was
established, located in the experimental station of the
University of Sassari in Sardinia (Oristano, Lat. N 39°53'42",
Long. 8°37'1"). A randomized four block field was designed
and five replicates for each block were planned. The collection
was completed two years later including the two Sardinian
clones.
B. The characterization
During 2004 and 2005 morphological data were collected
on all the clones, using 37 primary descriptors from the OIV
Grape Descriptor List [6]-[7]-[8]. The following fourteen
ampelometric descriptors of adult leaves were selected: 601:
length of vein NI, 602: length of vein N2, 603: length of vein
N3, 604: length of vein N4, 605: length petiole sinus to upper
leaf sinus, 606: length petiole sinus to lower leaf sinus, 607:
angle between NI and N2, 608: angle between N2 and N3,
609: angle between N3 and N4, 612: length of teeth N2, 613:
width of teeth N2, 066-4: length of vein N5, 066-5: vein N3
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2length petiole sinus to vein N4 and 079-1: opening of the
petiole sinus.
Other twenty-three ampelographic descriptors were
recorded to complete the morphological characterization on
young shoots, young and mature leaves, on bunches and
berries (004: young shoot-density of prostrate hairs of the tip,
051: young leaf-color of the upper side, 053: young leaf-
density of prostrate hairs between veins at the lower side, 067:
mature leaf-shape of the blades, 068: mature leaf-number of
the lobes, 070: mature leaf-anthocyanin coloration of the main
veins on the upper side of the blade, 072: mature leaf-
goffering of the blade, 074: mature leaf-profile, 076: mature
leaf-shape of the teeth, 079: mature leaf-degree of petiole
sinus opening, 080: mature leaf-shape of base of petiole sinus,
081-1: mature leaf-presence of teeth in the petiole sinus, 081-
2: mature leaf-naked petiole sinus, 083-2: mature leaf-
presence of teeth at the base of upper leaf sinuses, 202: bunch
length, 208: bunch-shape, 209: bunch-number of wings, 220:
berry length, 221: berry width, 223: berry-shape, 225: berry-
color of skin, 230: berry-color of flesh, 241: berry-presence of
seeds). Data were recorded using notations and definitions
proposed by the OIV Descriptor List.
During the two-year investigation the main phenological
phases (bud burst, flowering, veraison and ripening) were
observed, monitoring the occurrence period, as well as the
onset and ending time of each phase. Bud fertility and yield
were also recorded, like the vegetative growth of the clones
measured by the weight of the dry pruning wood. In 2004 and
2005, from veraison to ripening, three bunches for each block
were weekly sampled and analyzed for the determination of
biometric characters (weight and size of clusters and berries)
and chemical components (pH, SST, total acidity, malic and
tartaric acid). All the data were statistically processed by
ANOVA analysis and means were compared by Tukey test.
III. RESULTS
A. The primary characterization
Thirty of the selected descriptors evidenced no significant
difference among the clones, as indicated by the average
values shown in Table I and II.
TABLE I
AMPELOMETRIC CHARACTERIZATION OF THE VERMENTINO CLONES
(AVERAGE VALUES OF THE COLLECTION)
As regard the ampelographic traits, three OIV descriptors
(080, 202 and 220) grouped the collected clones into two
expression levels of the traits. More specifically, 35% of the
clones had level 1 of the descriptor 080 and the remaining
65% reached level 3. Similarly, descriptor 202 was expressed
by 29% of the clones at level 5 and 71% at level 7. Moreover,
descriptor 220 was expressed at level 3 by the 35% of the
clones and at level 5 by the 65%.
TABLE II
EXPRESSION LEVEL OF THE AMPELOGRAPHIC DESCRIPTORS OF THE
VERMENTINO CLONES (AVERAGE VALUES OF THE COLLECTION)
OIV 004 OIV 051 OIV{053 OIV 067 OIV 068
4 11 T 6 3 3
OIV 070 OIV 072 OIV 074 OIV 076 OIV 079
1 1 2 3 4
OIV 080 OV 081-1 OIV 081-2 OV 083-2 OIV 208
1 and 3 1 1 1 1.5
OIV 209 OIV 223 OIV 225 OIV 230 OIV 241
2 2 1 1 1
OIV 202 OIV 220 OIV 221
5 and 7 3and 5 T 5
The statistical analysis of 4 ampelometric descriptors was
ineffective in identifying unique clones (Table III). The
selection 640, which is characterized by the higher length of
the vein N4, was distinguished from the clones 913 and
CAPVS 12. The clone 964 appeared to be different from the
selection 876 on account of the measure of the angle between
NI and N2. The same clone was discriminated from the clones
639, 766 and 913 on the base of the width of teeth N2. The
opening of the petiole sinus allowed to separate the selection
CAPVS 3 from the clones 856 and 963.
TABLE III
DISCRIMINATING DESCRIPTORS IN THE OBSERVED POPULATION
OIV 604 OIV 607 OIV 613 OIV 079-1
639 63.77 ab 57.99 ab 10.57 b 13.53 ab
640 75.17 a 61.48 ab 13.19 ab 13.03 ab
766 54.08 ab 58.63 ab 9.51 b 14.10 ab
795 61.60 ab 59.30 ab 11.83 ab 20.03 ab
856 59.97 ab 60.09 ab 11.12 ab 10.00 b
876 62.04 ab 61.93 a 11.95 ab 20.00 ab
912 56.54 ab 60.23 ab 13.76 ab 20.10 ab
913 51.19 b 57.36 ab 10.83 b 16.90 ab
914 54.93 ab 60.10 ab 12.15 ab 11.87 ab
915 61.82 ab 58.94 ab 12.65 ab 15.20 ab
963 73.44 ab 57.55 ab 11.82 ab 7.93 b
964 60.30 ab 54.72 b 15.51 a 13.10 ab
CAPVS 3 54.21 ab 59.19 ab 11.03 ab 27.27 a
CAPVS12 51.87 b 55.74 ab 13.14 ab 23.17 ab
Mean 60.07** 58.88** 11.99** 15.62**
Means separation within columns by Tukey test P =0.05
The statistical analysis of the relation between the
ampelometric descriptors was also not useful to discriminate
distinct clones, thus evidencing the morphological
homogeneity within the Vermentino population. However, a
dissimilarity of the clone 912 was observed on the base of the
ratio of the length of the veins N2 and N3 to the vein N5. This
selection is characterized by the highest ratio value and
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3resulted diverse from eleven clones, but not from clone 964
(Table IV).
TABLE IV
MAIN VEINS LENGTH RATIO IN THE VERMENTINO CLONES
601/066-4 602/066-4 603/066-4 604/066-4
639 4.70 b 4.00 b 3.27 b 2.11 ab
640 4.38 b 3.76 b 2.96 b 2.35 ab
766 5.51 ab 4.85 ab 3.65 ab 2.23 ab
795 4.64 b 4.20 b 2.99 b 1.99 b
856 4.06 b 3.57 b 2.76 b 1.75 b
876 4.92 b 4.15 b 3.13 b 2.05 ab
912 7.98 a 7.33 a 5.78 a 3.61 a
913 4.01 b 3.82 b 2.69 b 1.75 b
914 5.08 ab 4.13 b 3.18 b 1.95 b
915 5.07 ab 4.50 b 3.55 b 2.41 ab
963 5.20 ab 4.48 b 3.57 b 2.70 ab
964 6.15 ab 5.16 ab 4.1 1 ab 2.59 ab
CAPVS 3 5.21 ab 4.43 b 3.21 b 2.10 ab
CAPVS12 5.02 ab 4.31 b 3.07 b 1.90 b
Mean 5.14** 4.48** 3.42** 2.25**
Means separation within columns by Tukey test P =0.05
B. The secondary characterization
During the two year of observation bud burst was the
phenological phase showing the larger differences among the
clones. Due to the different yearly meteorological trend, in
2005 a precocity in the onset of bud burst and a consequent
earliness in all successive phenological phases was recorded.
In both years the selections could be grouped in relation to the
time of bud burst onset, thus allowing the identification of the
earlier clones (912, 914, 963 and CAPVS 12) and of the later
ones (639, 640, 766 and 856).
Any differentiation among clones was detected on the base
ofthe statistical analysis ofthe vegetative (i.e. pruning weight)
and production parameters (bud fertility, yield and must
components) in both the years of observation and only trends
were described.
Average bud potential fertility in the first year of
observation ranged from 1,64 (clone 795) to 1,31 (clone 913),
and from 1,78 (clone 795) to 1,15 (clone CAPVS 3) in 2005.
Besides bud potential fertility, yield was related to
meteorological conditions and to both bunch and berry weight.
During 2004 higher yield was recorded and the two-year mean
production data indicated as the most productive clones the
876, 915 and 639, while CAPVS 3 showed the lowest yield
(Fig. 1).
By means of the analysis of the ratio of the descriptor 606
to the length of the vein N5, the clone 912 was further
differentiated. This selection was related to clone 964 and was
significantly dissimilar from the other twelve clones (Table
V).
TABLE V
DIFFERENCES AMONG VERMENTINO CLONES EVIDENCED BY THE RATIO
BETWEEN VEINS LENGTH AND PETIOLE OPENING DESCRIPTORS
605/066-4 606/066-4 066-5/066-4 601/ 604
639 1.99 b 1.80 b 0.45 b 2.26 ab
640 1.80 b 1.77 b 0.43 b 1.93 b
766 2.33 ab 2.07 b 0.56 ab 2.45 ab
795 1.77 b 1.72 b 0.45 b 2.34 ab
856 1.83 b 1.67 b 0.38 b 2.32 ab
876 1.95 b 1.82 b 0.52 ab 2.40 ab
912 3.62 a 3.76 a 0.92 a 2.25 ab
913 1.89 b 1.80 b 0.46 b 2.30 b
914 1.99 b 2.03 b 0.51 ab 2.68 a
915 2.13 ab 1.96 b 0.61 ab 2.13 ab
963 2.18 ab 2.24 b 0.44 b 1.95 b
964 2.58 ab 2.43 ab 0.60 ab 2.36 ab
CAPVS 3 1.98 b 1.95 b 0.52 ab 2.47 ab
CAPVS1 2 2.12 ab 1.98 b 0.51 ab 2.65 ab
Mean 2.1 6** 2.07** 0.53** 2.31**











Fig. 1. Yield distribution
2004).
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in the Vermentino clones collection (Oristano,
The bunch weight was regularly distributed among the
clones. Clones 912 and 766 had the greatest bunch dimension,
while 639, CAPVS 12, and 963 were typified for the lowest
weight (Fig. 2).
Berry weight ranged from 1.8 g to 2.7 g during 2004 and
from 2.0 g to 2.8 g in 2005, with any clear differences within
the collection. The Sardinian clones showed the mean lower
pruning weight, while the selections 914, 156, 795 and 639
appeared to be most vigorous.
519
Authorized licensed use limited to: University of Sassari. Downloaded on February 25,2010 at 07:43:49 EST from IEEE Xplore.  Restrictions apply. 
4,q11-
~ Clones
Fig. 2. Distribution of the descriptor bunch weight in the Vermentino clones
collection (Oristano, 2004).
Meteorological trend and crop load either affected the must
parameters, determining light differences among observation
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Fig. 4. Distribution of the titratable acidity (TA) in a Vermentino clones
collection (Oristano, 2004).
The SST content, ranging from 19 'Brix to 22.5 'Brix, as well
as the level of must total acidity, malic acid and tartaric acid,
were all homogenously distributed among the clones and any
clear trend was evidenced during the two years.
IV. CONCLUSIONS
The characterization of the Vermentino clones selected in
the two Mediterranean islands evidenced a great similarity in
their ampelometric and ampelographic traits. In spite of the
wide differences on soil and environment among the selection
sites, the clones coming from Provence or North West of
Sardinia appeared to be strongly correlated with the other
accessions found in the well-known cultivation areas of South
Corsica and North East Sardinia.
The morphological homogeneity within the clone
collection was also verified by the analysis of the secondary
descriptors. The high level of similarity found may have been
raised by the methodological approach used in the clonal
selection, which is usually directed toward the identification of
virus-free genotypes having appreciable agronomic
performances. Literature refers on the effects of virus on
grape, that may cause reduction in yield, wine quality and
determine leaf or bunch morphological changes [9]. The
selective pressure brought about the sanitary methods of
selection may have determined a reduction of phenotypic
variation, if compared to that expected in the traditional
vineyards resulting from the farmers selection.
The results reported support the effectiveness of the
ampelographic methods in the identification of both varieties
and healthy clones [ 0]-[1 l ]. In the case of Vermentino virus-
free clones, seven ampelographic descriptors were identified
as useful tool to describe the differences within the collection.
In addition, the assumption of a restricted diffusion area in
the West Mediterranean of the Vermentino, whose origin area
is still unknown, may also explain the large similarity found
among clones as a consequence of such isolation. The genetic
analysis of an higher number of Vermentino clones compared
to that of similar varieties could better clarify these remarkable
matter.
The restricted phenotypic base observed among the
selection allows to improve the ampelographic catalogues
proposed in each of the two islands, thus providing to the
growers a potentially larger choice of clones. However, further
analysis comprehensive of wider environment are needed in
order to add more information on the technological and
oenological characteristics of the Vermentino clones from
Sardinia and Corsica.
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